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HIGHLIGHTS 12 
Water-assisted UV-C controlled L. monocytogenes and S. enterica in lettuce and spinach 13 
Low UV-C doses (0.1-0.3 kJ/m2) did not reduce native mesophilic aerobic microbiota  14 
Pretreatment with UV-C and peroxyacetic acid inhibited S. enterica growth at 5 ºC   15 
Combined UV-C + 40 mg/L PAA inactivated both pathogens in the process solution 16 
Integrated UV-C, peroxyacetic acid and biopreservation was ineffective for sanitation 17 
ABSTRACT  18 
The effectiveness of ultraviolet C light (UV-C) delivered in water (WUV) or in peroxyacetic acid (PAA) 19 
for the inactivation and inhibition of L. monocytogenes and S. enterica in ready-to-eat ‘Iceberg 20 
lettuce’ and baby spinach leaves, was evaluated throughout chilled storage in modified atmosphere 21 
packaging (MAP). The inhibition of pathogen’s growth by sequential pretreatments with UV-C in PAA 22 
2 
 
and then biocontrol using Pseudomonas graminis CPA-7 was assessed during MAP storage at 5 °C 23 
and upon a breakage of the cold-storage chain. In fresh-cut lettuce, 0.1 kJ/m2 UV-C, in water or in 40 24 
mg/L PAA, inactivated both pathogens by up to 2.1 ± 0.7 log10, which improved the efficacy of water-25 
washing by up to 1.9 log10 and showed bacteriostatic effects on both pathogens. In baby spinach 26 
leaves, the combination of 0.3 kJ/m2 UV-C and 40 mg/L PAA reduced S. enterica and L. 27 
monocytogenes populations by 1.4 ± 0.2 and 2.2 ± 0.3 log10 respectively, which improved water-28 
washing by 0.8 ± 0.2 log10. Combined treatments (0.1 or 0.3 kJ/m
2 WUV and 40 mg/L PAA) inactivated 29 
both pathogens in the process solution from lettuce or spinach single sanitation, respectively. 30 
Pretreating lettuce with UV-C in PAA reduced L. monocytogenes and S. enterica’s growth by up to 0.9 31 
± 0.1 log10 with respect to the PAA-pretreated control after 6 d at 5 °C in MAP. Upon a cold-chain 32 
breakage, CPA-7 prevented S. enterica growth in PAA-pretreated lettuce, whereas showed no effect 33 
on L. monocytogenes in any of both matrices. Low-dose UV-C in PAA is a suitable preservation 34 
strategy for improving the safety of ready-to-eat leafy greens and reducing the risk of cross 35 
contamination. 36 
Keywords: biological control; biopreservation; fresh-cut produce; foodborne pathogens; ready-to eat 37 
green leaves  38 
1. INTRODUCTION 39 
Ready-to-eat green leafy salads are growingly demanded items because they combine convenience 40 
and a wide range of nutrients and bioactive phytochemicals which are recommended for a healthy 41 
diet (Artés and Allende, 2014). Nevertheless, as they are usually consumed row, they can become 42 
vehicles for human pathogens such as Listeria monocytogenes and Salmonella enterica (Franco & 43 
Destro, 2007; Sagoo et al., 2003a; Sagoo et al., 2003b). Outbreaks caused by several strains of the 44 
mentioned pathogenic species have been associated to contaminated lettuce in the European Union 45 
and the USA in the last years (Callejón et al., 2015; EFSA, 2017). Cross-contamination with foodborne 46 
pathogens may occur during pre-harvest, through contaminated soil and irrigation water or due to 47 
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organic fertilizers such as manures or sewage sludge (Brandl, 2006). During postharvest processing, 48 
inappropriate sanitation of tools, facilities surfaces, and process-water may also turn them into 49 
contamination sources (Artés and Allende, 2014).  50 
Since immersion of cut surfaces increases the probabilities for the infiltration of liquid into the 51 
tissues, sanitation of fresh produce is carried out using antimicrobial solutions to reduce the 52 
probability for process water to become a source of contamination (Gorny et al., 2006). The most 53 
used chemical sanitizer in food industry is chlorine due to its strong antibacterial activity and low 54 
costs (Hua and Reckhow, 2007). However, growing public concern about health and environmental 55 
negative effects of its by-products and the advent of banning or restrictive regulations for its use in 56 
several countries (EC-European Comission for Health and Consummer Protection, 2005), have 57 
prompted the research and development of alternative decontamination strategies in food industry.  58 
Short-wave Ultraviolet light (UV-C) has a direct deleterious effect on microbial DNA structure which 59 
leads to the inactivation and death of most types of microorganisms without producing harmful 60 
byproducts (Gayán et al., 2014). Therefore, UV-based technologies are being implemented for the 61 
decontamination of food and food-contact surfaces, including equipment, tools, packages, liquids, 62 
powders and fresh produce (Bintsis et al., 2000; Charles et al., 2013; Fine and Gervais, 2004; Ignat et 63 
al., 2015; Manzocco et al., 2011). When applied at high doses, UV can damage plant tissues, being 64 
counterproductive for plant products shelf-life (Kovács and Keresztes, 2002). However, at low-doses, 65 
UV-C irradiation induces plant self-protective mechanisms against potential oxidative and mutagenic 66 
damages. This leads to the enhancement of antioxidant mechanisms as well as to the production of 67 
pathogenesis-related proteins (PR proteins), thereby eliciting the defense response to subsequent 68 
pathogenic infections (indirect effect) (Allende et al., 2006; Ou et al., 2016; Scott et al., 2017). 69 
Therefore, the perdurability of UV-C antimicrobial effects when applied to plant tissues can be 70 
attributed to both the reduction of the multiplication capacity of irradiated surviving microorganisms 71 
and to the increase of the negative pressure exerted through the elicitation of plant resistance 72 
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mechanisms (Shama, 2007; Yun et al., 2013). Thus, pre-treating commodities with UV-C would 73 
potentially improve the safety of fresh-cut products by preventing the population increase and the 74 
establishment of foodborne pathogens throughout storage in case of cross-contamination after the 75 
sanitation step. 76 
Water-assisted alternatives of the sanitation with UV-C light (WUV) improve the accessibility of UV-C 77 
light to all sides of the product and reduce the probability of its overheating compared to 78 
conventional chambers (Collazo et al., 2018b; Huang et al., 2015; Huang and Chen, 2014). They also 79 
integrate the effects of irradiation and immersion by acting on microbial populations present on the 80 
surface of fresh produce, while decontaminating the sanitation solution. Additionally, in order to 81 
exploit the synergistic effect of the simultaneous action of UV and other sanitation methods, several 82 
strategies combining UV with chemical compounds or antagonistic agents have been used to 83 
improve the efficacy of these methods in several commodities (Koivunen and Heinonen-Tanski, 2005; 84 
Martínez-Hernández et al., 2013; Ou et al., 2016; Park et al., 2018). Among oxidizing chemical 85 
sanitizers, peroxyacetic acid (PAA) is a suitable alternative because of its wide microbial range of 86 
action, its robustness against suspended organic matter, switches in pH and temperature, and the 87 
non-toxicity of its by-products (water and acetic acid) (Alvaro et al., 2009). Our work group has 88 
previously evaluated the efficacy of a water-assisted technology, alone and combined with 89 
peroxyacetic acid for the reduction of natural microbiota in fresh-cut broccoli (Collazo et al., 2018b). 90 
Results showed similar or enhanced effectiveness in respect of chlorine sanitation, depending on the 91 
UV dose and the amount and type of target microorganism.  92 
On the other hand, biopreservation have also been combined with physical sanitation methods for 93 
attempting to reduce the incidence of fungal diseases in fresh produce during postharvest (Xu & Du, 94 
2012; Ou et al., 2016). Those experiments have shown promising results regarding the control of 95 
pathogens populations through the activation of the plant’s defense mechanisms (Ou et al., 2016). 96 
Although foodborne human pathogens are not specifically pathogenic to plants, they have developed 97 
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mechanisms allowing them to survive in intermediate plant hosts, including the use of virulence 98 
factors to promote the adhesion to plant tissues (Xicohtencatl-Cortes et al., 2009). Some of those 99 
molecules are also involved in the subsequent colonization of the human host, e. g. flagella-100 
associated adhesins, Type 3 secretor system and surface-exposed aggregative fimbria/curli nucleator 101 
(Barak et al., 2005; Torres et al., 2005; Xicohtencatl-Cortes et al., 2009). Therefore, competition for 102 
space, inhibition of their adhesiveness to the plant surface and induction of plant’s defense 103 
responses through biopreservation, could be additional mechanisms to reduce pathogens’ 104 
prevalence and establishment in plant products as vehicles for transmission. We have previously 105 
assessed the antagonistic effect of the preservative strain Pseudomonas graminis CPA-7, originally 106 
isolated from apple surface, on the growth of S. enterica and L. monocytogenes in several fresh-cut 107 
commodities (Abadias et al., 2014; Alegre et al., 2013a; Alegre et al., 2013b; Iglesias, 2017; Iglesias et 108 
al., 2018). This effect showed to be associated to several mechanisms including the competition for 109 
ecological niche, the activation of the plant’s defense mechanisms and the reduction the colonization 110 
capacities of those pathogens (Collazo et al., 2018a, 2017b). 111 
With all this in mind, in the present work, the direct antimicrobial effect of low-dose WUV treatment 112 
for the control of the foodborne pathogens S. enterica and L. monocytogenes was evaluated in fresh-113 
cut lettuce and baby spinach leaves during chilled MAP storage. Further improvement of WUV for 114 
the inactivation and inhibition of those pathogens in the mentioned matrices as well as in the 115 
sanitation solutions was attempted by combining WUV with peroxyacetic acid. Additionally, to assess 116 
the putative inhibitory effect on the growth of the mentioned foodborne pathogens in case of cross-117 
contamination after the sanitation step, the sequential combination of UV-C + PAA and then 118 
inoculation of P. graminis CPA-7, was evaluated throughout MAP refrigerated storage and upon a 119 
breakage of the cold chain of storage.   120 
2. MATERIALS AND METHODS 121 
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2.1 MICROBIAL CULTURE CONDITIONS AND INOCULA PREPARATION  122 
For inoculation with foodborne pathogens, a cocktail containing five L. monocytogenes strains: 123 
CECT4031, ser. 1a; CECT4032, ser. 4b; CECT933, ser. 3a; CECT940, ser. 4a; and Lm203/3, ser. 1/2a 124 
(Abadias et al, 2008), and four S. enterica subesp. enterica strains: BAA-707, ser. Agona; BAA-709, 125 
ser. Michigan; BAA-710, ser. Montevideo; and  BAA-711 ser. Gaminara, was used as inoculum. The 126 
cocktail was prepared using 5 mL of overnight cultures of each strain either in tryptone soy broth 127 
(TSB) for S. enterica, or in TSB supplemented with 6 g/L yeast extract (TSB-YE) for L. monocytogenes. 128 
After incubation at 37 °C, all cultures were mixed and centrifuged at 9800 x g for 10 min at 10 °C. The 129 
supernatant was discarded and bacterial cell pellets were suspended in 22.5 mL of aqueous saline 130 
solution (8.5 g/L NaCl). For antagonist inoculum preparation, P. graminis CPA-7 (deposit number CBS 131 
136973) (Alegre et al., 2013b) was seeded onto TSA plates and incubated at 30 °C for 48 h. Single 132 
colonies were inoculated in TSB and incubated in agitation overnight at 25 °C. Antagonistic bacterial 133 
cells were harvested as previously described and suspended in sterile deionized water. All synthetic 134 
culture media, buffers and supplements were purchased from Biokar Diagnostics, Beauveais, France. 135 
2.2 MICROBIAL COUNTS 136 
For microbial viable counts, triplicate 10 g samples were homogenized with 90 mL buffered peptone 137 
water within a 400 mL whole-filter bag (Interscience, Saint Nom, France) in a Masticator (IUL, 138 
Barcelona, Spain) set at 4 strokes per s for 90 s. Appropriate 10-fold solutions in saline peptone (SP, 139 
8.5 g/L NaCl, 1 g/L peptone) of the homogenates were plated on plate count agar (PCA), Palcam agar 140 
or xylose-lysine-desoxycholate (XLD) for the determination of total mesophilic aerobic 141 
microorganisms (MAM), L. monocytogenes,  or S. enterica, respectively. PCA plates were incubated at 142 
25 °C for 3 d and XLD and Palcam plates were incubated at 37 °C for 24 or 48 h, respectively. Viable 143 
counts of each pathogen in the process solutions after a single sanitation of each vegetable were 144 
performed as previously described. Presence/absence tests of neutralized process solutions in Dey-145 
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Engley medium were also performed to corroborate the inactivation of microorganisms. All synthetic 146 
culture media, buffers and supplements were purchased from Biokar Diagnostics, Beauveais, France. 147 
2.3 PLANT MATERIAL PROCESSING  148 
Whole wrapped ‘Iceberg’ lettuce (Lactuca sativa var. capitata) and ready-to-use bagged baby spinach 149 
leaves (Spinacia oleracea L.) were purchased from local retail establishments in Lleida, Spain. Before 150 
treatment, the external leaves and core of ‘Iceberg’ lettuce were discarded and the rest was cut into 151 
3-4 cm2 pieces, washed in chlorinated tap water, drained, spin-dried using a manual centrifuge and 152 
kept in trays overnight in air at 5 °C until use. Baby spinach leaves were un-bagged and stored in 153 
trays overnight in air at 5 °C without any additional discarding or processing until they were 154 
submitted to subsequent sanitation treatments. 155 
2.4 OVERALL QUALITY AND HEADSPACE GAS COMPOSITION ASSESSMENT 156 
Visual assessment of overall appearance was performed initially and throughout storage by 6 157 
untrained panelists using a 1 to 5 hedonic corresponding to 25, 50, 75, 90 and 95 % acceptability of 158 
the sample. The gas headspace composition of packages was measured using a handheld gas 159 
analyzer (CheckPoint O2/CO2, PBI Dansensor, Denmark).  160 
2.5 WUV TREATMENT PRESERVING OVERALL APPEARANCE: ANALYSES AND STORAGE 161 
Preliminary selection of the WUV dose was based on the visual assessment of the overall quality of 162 
treated samples. For WUV treatments, batches of processed vegetables were immersed in agitated 163 
cold tap water at a ratio of 0.3:10 (kg of product:  L of water) using a water-assisted UV-C equipment 164 
composed of deposit (15 L capacity) containing 4 UV lamps (17.2 W, 254 nm) (GPH 303T5L/4, 165 
Heraeus Noblelight, Hanau, Germany). The deposit is connected to recirculating water put in motion 166 
by a water pump. Pressurized water is introduced through multiple sprinklers on the top and exits 167 
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the tank through the bottom, while moves due to pressurized air (set at 100 kPa) that enters through 168 
the bottom of the tank (Fig. 1). WUV doses were calculated as the mean of irradiance (W/m2) * time 169 
(s). Several doses were assayed by combining 4 UV-C lamps and different times of exposure. For 170 
‘Iceberg’ lettuce, 0.1, 0.3, and 0.5 kJ/m2 UV-C, corresponding to 1, 3 and 5 min of exposure, 171 
respectively, were tested. For spinach, 0.2 and 0.3 kJ/m2 treatments, corresponding to 2 and 3 min of 172 
exposure, respectively, were tested. Before each treatment, lamps were preheated until stabilization 173 
of the irradiance. Water-washing without turning on the UV lamps was performed as a control 174 
treatment. Before and after WUV treatments, temperature was measured using an infrared 175 
thermometer (DualTemp Pro, Labprocess distribuciones, Barcelona, Spain). Irradiance was measured 176 
using a UV-sensor EasyH1, Peschl Ultraviolet, Mainz, Germany) through an orifice located in the lid. 177 
After treatments, vegetables were drained, spin dried, and 15 g samples were packaged in 178 
thermosealed 12 x 12 cm (lettuce) or 14 x 14 cm (spinach) polypropylene bags (PP110, ILPRA Systems 179 
Espanya SL, Mataró, Spain) to achieve passive MAP conditions and were stored at 5 °C in darkness. 180 
The film had a gas permeability of 1.1 and 5 cm3/m2 /day/KPa for O2 of and CO2, respectively, at 23 °C 181 
and 0 % relative humidity. Visual assessment of the overall appearance was performed at day 3 and 6 182 
of storage as described in Section 2.4. In the same days, measurements of the O2/CO2 composition 183 
within packages were also performed as described in Section 2.4. 184 
Figure 1. Water-assisted UV-C 185 
setup. (A) Tank containing four UV 186 
lamps and a multiple sprinkle 187 
device on the top. (B) The tank (1) 188 
is conected to a power source (2) 189 
a water pump (3), a water circuit 190 
(4), and a pressurised air entrance 191 
in the bottom (5).  192 
 193 
 194 
3 
4 
1 
A 2 B 
5 
1 
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2.6 WUV AND PAA FOR DECONTAMINATION: INOCULATION, TREATMENT, ANALYSES, 195 
AND STORAGE  196 
Upon selection of the optimal WUV dose preserving overall quality, the effect of UV-C in water or in 197 
PAA on L. monocytogenes and S. enterica populations was assessed. Vegetables were processed as 198 
described in section 2.3 and within the same day they were dip-inoculated for 2 min in agitation in a 199 
solution containing pathogenic inoculum (prepared as described in section 2.1) at a concentration of 200 
105 CFU/mL of each strain. Inoculated samples were drained, spin-dried, and stored overnight in air 201 
at 5 °C. Afterwards, they were immersed in agitated tap water or in 40 or 80 mg/L PAA solutions 202 
(average pH 5.7 and 4.7, respectively) (average of oxidation/reduction potential 478 and 526, 203 
respectively) and submitted to 0.1 kJ/m2 UV-C in the case of lettuce, and to 0.2 or 0.3 kJ/m2 in the 204 
case of spinach, using the WUV device as described in section 2.5. As controls, sanitation with water 205 
or with the PAA solutions was performed using the same equipment without turning on the UV 206 
lamps. After sample draining and spin-drying, initial microbial counts were performed as described in 207 
Section 2.2. Samples were packaged (see section 2.5) and stored at 5 °C for 6 d. Analyses of overall 208 
appearance, headspace gas composition of packages (described in Section 2.4), and microbial 209 
populations (described in Section 2.2) were performed at the end of storage. 210 
2.7 INTEGRATION OF WUV, PAA AND P. GRAMINIS CPA-7: TREATMENT, 211 
INOCULATION, ANALYSES, AND STORAGE 212 
The experimental setup of this stage is showed in Figure 2. Prior inoculation, several batches of each 213 
processed vegetable were subjected to decontamination in the WUV equipment as described in 214 
section 2.5, either in agitated cold 40 mg/L PAA without turning on the UV lamps (PAA control), or 215 
with a combination of 40 mg/L PAA and UV-C: 0.1 kJ/m2 for ‘Iceberg’ lettuce or 0.3 kJ/m2 for baby 216 
spinach. After treatment, samples were stored in trays at air overnight at 5 °C, and afterwards, they 217 
were dip-inoculated for 2 min in agitation in: pathogenic inoculum containing 105 CFU/mL of each 218 
bacterial strain, a mixture of pathogenic + antagonist inoculum containing 107 CFU/mL CPA-7 and 105 219 
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CFU/mL of each pathogenic strain, or in antagonist inoculum containing 107 CFU/mL CPA-7. Then, 220 
samples were drained, spin-dried, and packaged as described in Section 2.5 and stored either for up 221 
to 6 d at 5 °C, or for 2 d at 5 °C followed by 4 d at 10 ºC, to simulate a cold-chain breakage. Before 222 
and after each treatment, concentration, pH and redox potential of PAA solutions were determined 223 
and temperature irradiance were measured as explained in Section 2.5. MAM counts were 224 
performed before initial prewashing, and before and after sanitation, as described in Section 2.2. 225 
Pathogens’ population dynamics throughout storage was tracked by viable counts at 0, 2 and 6 d of 226 
storage at 5 °C and at 6 d upon a cold-chain breakage. The assessment of the overall appearance of 227 
processed vegetables as well as the O2/CO2 headspace composition of bags was performed at each 228 
sampling point as described in Section 2.4.  229 
Figure 2. Experimental setup of a combined 230 
preservation strategy comprising pretreatment 231 
with UV-C + peroxyacetic acid (PAA) before 232 
inoculation with the biopreservative bacterium P. 233 
graminis CPA-7, for controlling the populations of 234 
S. enterica and L. monocytogenes in fresh-cut 235 
‘Iceberg’ lettuce and baby spinach leaves during 236 
MAP storage at 5 °C and upon a breakage of the 237 
cold chain of storage. 238 
 239 
 240 
 241 
 242 
 243 
 244 
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2.8 DATA PROCESSING AND STATISTICAL ANALYSIS 245 
All experiments were repeated two independent times and included three biological replicates per 246 
treatment and sampling time. For microbiological counts, two technical replicates per each biological 247 
replicate were analyzed and the mean of the number of colonies was used to calculate the colony 248 
forming units per milliliter (CFU/mL) and transformed to log10 CFU/g before means comparison. 249 
Population reductions were calculated by subtracting the count before treatment (N0) to that 250 
obtained after treatment (N1): log10 N1 – log10 N0. Statistical analyses were performed using Statistical 251 
software JMP (version 8.0.1 SAS Institute Inc., NC, USA). Categorical data were analyzed through a 252 
contingency analysis using chi-square statistic (n=12, P < 0.05). Microbiological and physical data 253 
were verified for agreement to normal distribution and homoscedasticity of residues and 254 
accordingly, means were compared by analysis of variance (ANOVA) and separated by Tukey’s test (P 255 
< 0.05).  256 
3. RESULTS AND DISCUSSION 257 
3.1 WUV TREATMENTS PRESERVING OVERALL QUALITY AND RESPIRATION 258 
Preliminary trials testing the highest WUV dose with less negative effects in the overall appearance 259 
and respiration of fresh-cut ‘Iceberg’ lettuce showed that samples treated with WUV in a range of 260 
0.1-0.3 kJ/m2 and stored in passive modified atmosphere, had a similar O2/CO2 composition (14 kPa / 261 
6 kPa) that untreated controls until the end of storage (data not shown). However, at a higher dose 262 
(0.5 kJ/m2) WUV provoked oxidative discoloration, a more marked reduction of O2 levels (6.16 kPa) 263 
and an increase in CO2 content (6.2 kPa) than the water-washed control (17.5 kPa O2; 2.8 kPa CO2) at 264 
the end of storage. The higher accumulation in CO2 content observed in 0.5 kJ/m
2-treated samples 265 
could have been related to an enhanced respiration rate due to physiological stress in plant tissues. 266 
Similar results have been previously observed in experiments performed with  ‘Red Oak Leaf’ and 267 
‘Lollo rosso’ lettuces, that showed a positive correlation of the increase in the UV-C dose in a range of 268 
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0.4 to 8.1 kJ/m2, with the respiration rate during MAP storage at 5 °C (Allende et al., 2006; Allende 269 
and Artes, 2003). On the other hand, in our experiments the visual assessment of overall appearance 270 
of lettuce samples treated with 0.3 and 0.5 kJ/m2 showed unacceptability after 6 d of MAP storage 271 
(data not shown); thus, the lowest dose (1 min of exposure, 0.1 kJ/m2) was selected for subsequent 272 
analysis. In Red Oak Leaf’ lettuces, softening and browning of tissues were not detected  in samples 273 
treated with conventional UV-C at doses of 1.2 and 2.4, kJ/m2, in respect of the control (Allende et 274 
al., 2006). However, such negatives effects added to altered sensory quality were detected in 275 
samples treated with 7.1 kJ/m2 after 7 d at 5 °C, which was associated to the production of free 276 
radicals and to a deleterious effect of UV-C on the cell wall (Allende et al., 2006). The higher 277 
browning response of crisp head lettuce varieties such as ‘Iceberg’ to abiotic stress compared to 278 
Romaine and other varieties with less crispiness has been previously reported (Cantos et al., 2001). 279 
As for baby spinach leaves, no differences in the overall appearance were observed among irradiated 280 
samples regardless of the UV-C dose (data not shown). Gases analysis showed that treatment with 281 
WUV, resulted in lower O2 (17.6 kPa) content than the water-washed control (19.5 kPa), regardless of 282 
the assayed dose (0.2 or 0.3 kJ/m2), while no differences in the CO2 contents (8.11 kPa) were 283 
observed among treatments. Therefore, both WUV doses were evaluated in the subsequent set of 284 
experiments. In accordance with these results, dry-UV-C treatments of spinach leaves at doses of 285 
4.54, 7.94 and 11.35 kJ/m2 did not affect the gases contents within packages compared to water 286 
control, and no reduction of quality was either detected for the lowest dose (Artés-Hernández et al., 287 
2009). 288 
3.2 WUV AND UV-C IN PAA FOR MICROBIAL DECONTAMINATION OF LETTUCE AND 289 
SPINACH 290 
Upon the selection of 0.1 kJ/m2 as the WUV dose better preserving the overall appearance of 291 
‘Iceberg’ lettuce throughout storage, this dose was applied for microbial decontamination of native 292 
microbiota and inoculated pathogenic microorganisms. The combination of 0.1 kJ/m2 UV-C and 40 or 293 
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80 mg/L PAA were evaluated to further improve the efficacy of the WUV. Initial counts of L. 294 
monocytogenes and S. enterica in ‘Iceberg’ lettuce were 3.8 ± 0.1 and 4.0 ± 0.1 log10 CFU/mg, 295 
respectively. WUV treatments effectively inactivated L. monocytogenes by 2.1 ± 0.7 log10 in respect 296 
of inoculated populations, improving the efficacy of water-washing by 1.9 log10. L. monocytogenes’ 297 
growth was also inhibited throughout refrigerated MAP storage, showing no population increase in 298 
respect of the initial levels (Fig. 3 A). Combining 0.1 kJ/m2 UV-C and PAA did not improve the 299 
inactivation but enhanced the inhibition of L. monocytogenes’ growth during storage at 5 °C, in 300 
respect of the PAA control. Similarly, 0.1 kJ/m2 WUV reduced S. enterica initial populations in 301 
‘Iceberg’ lettuce by 2.0 ± 0.6 log10 (Fig. 3 B), which improved the efficacy of water-washing by 1.7 302 
log10. Combining UV-C and PAA, regardless of the PAA dose, achieved the same efficacy as WUV, 303 
maintaining S. enterica’s populations 1.9 ± 0.7 log10 below the inoculated levels until the end of 304 
storage. Final populations of this pathogen reached 3 ± 0.7 log10 below those present in the water-305 
washed samples. Similarly, Huang et al. (2018) obtained a reduction by 2 log10 of Salmonella spp. 306 
populations in fresh-cut ‘Iceberg’  lettuce using a water-assisted device equipped with stirrers (10 L 307 
capacity, at doses of 26.7 to 33.6 kJ/m2 UV-C). In agreement with our results, they obtained no 308 
synergistic effect when combining UV-C with 80 mg/L PAA, compared to WUV. In the same way, the 309 
sequential application of UV-C at fluencies > 1.5 kJ/m2 and PAA (80 mg/L) for the sanitation of S. 310 
Typhimurium in ‘Iceberg’ lettuce achieved > 2 log10 reduction of the internalized bacteria regardless 311 
of the chemical decontamination step (Ge et al., 2013). Similarly, sequential application of 60 mg/L 312 
PAA (90 s) and WUV (10 s, unspecified dose) did not improve the inactivation (≈2.2 log10 reduction) 313 
or inhibition (1.7 log10) of inoculated Citrobacter freundii (7.1 log10/g) in ‘Romaine’ lettuce pieces 314 
compared to the WUV treatment.  315 
 316 
 317 
 318 
 319 
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 320 
Figure 3. Efficacy of WUV in combination with PAA for the decontamination of (A) L. monocytogenes and (B) S. enterica in fresh-cut 321 
‘Iceberg’ lettuce: Columns are means of the logarithmic reductions (log10 (N1/N0)) of the population levels of the treated samples 322 
(N1) in relation to initial inoculated microbial populations (N0): ( ) water control, ( )  40 mg L
-1 
PAA: PAA40, ( ) 80 mg L
-1
 PAA: 323 
PAA80, ( ) 0.1 kJ m
-2
 WUV,  ( )  0.1 kJ m
-2
 WUV + PAA40,  ( ) UV-C + PAA80. Error bars represent standard deviations (n=6). 324 
Different letters represent significant differences at each sampling time according to analysis of variances (ANOVA) and Tukey’s 325 
test (p < 0.05). 326 
 327 
As shown by our results, in baby spinach leaves, processing with WUV even at a higher dose (0.2 328 
kJ/m2) than that applied to lettuce, was not effective for inactivation of any of both pathogens (initial 329 
levels 4.3 ± 0.2 log10 CFU/g) compared to water-washing (Fig 4 A and C). Higher effectiveness of WUV 330 
in lettuce than in baby spinach leaves for the inactivation of Salmonella spp. has previously been 331 
obtained (Guo et al., 2017; Huang et al., 2018). However, in the present work this limitation was 332 
overcome by combining 0.2 kJ/m2 UV-C with 40 mg/L PAA. This combination inactivated both S. 333 
enterica and L. monocytogenes by up to 0.9 ± 0.1 and 2 ± 0.1 log10, respectively, which in the latter 334 
case was significantly better than the correspondent WUV treatment. However, processing with 0.2 335 
kJ/m2 UV-C whether applied in water or in PAA, was ineffective for inhibiting L. monocytogenes 336 
throughout storage. Contrastingly, treatment with 0.2  kJ/m2 UV-C and 80 mg/L PAA inhibited S. 337 
enterica growth, maintaining its populations 1.4 ± 0.2 log10 below the inoculated levels at the end of 338 
storage, which was significantly better than water-washing. Furthermore, increasing the UV-C dose 339 
to 0.3 kJ/m2 did not improve the efficacy of WUV (0.9 ± 0.2 log10) at inactivating S. enterica (Fig. 4 D) 340 
in baby spinach but it enhanced the inactivation of L. monocytogenes to 2.0 ± 0.1 log10 (Fig. 4 B). 341 
Higher UV-C doses (2.4 kJ/m2) applied in a conventional chamber have shown to be effective at 342 
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inactivating L. monocytogenes’s (by 2.2 log10) and at inhibiting its growth (by 0.9 log10) in spinach 343 
leaves during 14 d of refrigerated storage in air (Escalona et al., 2010). We obtained no further 344 
improvement by combining 0.3 kJ/m2 UV-C with PAA. This result agreed with those obtained by 345 
Martínez-Hernández et al. (2015) upon sequential treatment of fresh-cut broccoli with 100 mg/L PAA 346 
and then dry-UV-C irradiation (7.5 kJ/m2), when no synergistic effect at inhibiting S. enterica or E. coli 347 
populations were observed after 7 d of MAP storage at 5 °C, compared to the single treatments. 348 
Using the combination of 0.3 kJ/m2 UV-C in 40 mg/L PAA, the initial reductions of S. enterica’s 349 
population in baby spinach leaves was 0.7 ± 0.2 log10 more than those achieved by water-washing, 350 
and the inhibition of L. monocytogenes’ populations were maintained during storage at 5 °C, keeping 351 
them 1.1 ± 0.4 log10 below the inoculated levels, although it was not significantly better than the 352 
WUV treatment. Similarly, no significant improvement of the water-assisted technology at 353 
inactivating S. enterica (up to 2 log10) in baby spinach leaves was obtained by Huang et al., (2018) 354 
using the combination of 80 mg/L PAA and a considerably higher WUV dose (33.6 kJ/m2) than that 355 
used in the present study.  356 
Figure 4. Efficacy of WUV in 357 
combination with PAA for the 358 
decontamination of (A and B) L. 359 
monocytogenes and (C and D) S. 360 
enterica in baby spinach leaves: 361 
Columns represent means of 362 
the logarithmic reductions of 363 
microbial populations in 364 
sanitized samples (N1): ( ) 365 
water control, ( )  40 mg L
-1 
366 
PAA control, ( ) 80 mg L
-1
 PAA 367 
control, ( )UV-C -treated: 0.2 368 
kJ m
-2
 in A and C or 0.3 kJ m
-2
 in 369 
B and D,  ( )  40 mg L
-1 
PAA + 370 
UV-C: 0.2 kJ m-2 in A and C  or 371 
0.3 kJ m
-2
 in B and D,  ( ) 80 mg 372 
L
-1
 PAA + UV-C:  0.2 kJ m-2 in A 373 
and C) or 0.3 kJ m
-2
 in B and D, in 374 
relation to inoculated 375 
populations (N0). Error bars 376 
represent standard deviations (n=6). Different letters represent significant differences among treatments at each sampling time 377 
according to analysis of variances (ANOVA) and Tukey’s test (p < 0.05). 378 
 379 
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However, the reason for the lack of enhanced antimicrobial effect in lettuce or spinach is still unclear. 380 
It could be related to the ability of foodborne pathogens of interacting with the plant-associated 381 
microbiota, or to their internalization and attachment to the plant tissue during overnight incubation, 382 
which could have reduced the accessibility of UV-C and PAA or led to induced resistance of bacteria 383 
against antimicrobial mechanisms (Brandl et al., 2013; Gayán et al., 2014; Kroupitski et al., 2009; 384 
Takeuchi et al., 2000; Takeuchi and Frank, 2001; Vandekinderen et al., 2009) In this sense, H2O2 385 
sprayed upon continuous application of UV-C (0.378 kJ/m2 for 60 s) at 50 °C in a conventional 386 
chamber achieved 4 and 0.9 log10 reductions of internalized S. enterica in ‘Iceberg’ lettuce and 387 
spinach leaves, respectively, which contrasted with the lack of reduction obtained with 200 mg/L 388 
calcium hypochlorite washing and the UV or H2O2 treatments alone (Hadjok et al., 2008). It was 389 
speculated that the higher efficacy was due to the penetration of free radicals in a vapor form as 390 
opposed to the liquid phase (Hadjok et al., 2008). In general, the synergistic effect of integrated 391 
strategies involving UV-C irradiation and chemicals for the decontamination of inoculated pathogens 392 
or native microbiota in fresh produce has shown to be depend not only on the UV-C and the chemical 393 
compound doses and their ways of application, but also on the topography of the food matrix and its 394 
indigenous microbiota, the target microorganism, and the inoculation method (Fan et al., 2017; Guo 395 
et al., 2017). For example, high synergism has been observed when using the combination of 10 mg/L 396 
PAA and UV-C (0.1 kJ/m2) for the inactivation of S. enteritidis (6.2 log10 reduction) in peptone water 397 
compared to the single treatments (1.9 and 2.6 log10 reduction for PAA and UV-C, respectively) (Ou et 398 
al., 2016). Combining UV-C (0.378 kJ/m2) and sprayed 1.5 % H2O2 at 50 °C for 30 s achieved a 399 
synergistic reduction of Salmonella spp. ‘Iceberg’ lettuce (Hadjok et al., 2008). However, the 400 
enhanced effect showed to be related with an increased free radical generation upon high 401 
temperature, since no improvement was observed when the 1.5 % H2O2 was applied at 20 °C. 402 
However, in blueberries, combining WUV with hydrogen peroxide, sodium dodecyl sulfate, levulinic 403 
acid, or chlorine using a water-assisted UV-C device, achieved no improvement in the inactivation of 404 
S. enterica and E. coli, compared to the WUV control (Liu et al., 2015). Furthermore, several 405 
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chemicals including 1 % H2O2, and 100 mg/L chlorine has recently been assessed using a water-406 
assisted UV-C technology (4 L capacity, 34.8 kJ/m2) for the inactivation of a cocktail of Salmonella 407 
spp. on fresh-cut ‘Iceberg’  lettuce, and baby spinach leaves showing no improvement of the WUV 408 
treatment (Guo et al., 2017). In the last mentioned experiment, when comparing different food 409 
matrices and inoculation methods they obtained higher reductions in spot-inoculated samples than 410 
in dip-inoculated ones using the combined methods, and a decrease in effectiveness with the 411 
increase of roughness and cut surfaces of the matrix (grape tomatoes > lettuce > baby spinach). 412 
In the present work, the UV-C + 40 mg/L PAA combined treatment showed no significant effect on 413 
the overall appearance of ‘Iceberg’ lettuce compared to the single treatments (data not shown). 414 
However, the combined application of UV-C + 80 mg/L PAA resulted in diminished quality (P < 0.001) 415 
of the fresh-cut product at the end of storage, with the 60 % of the evaluations falling in the category 416 
3 due to discoloration of the samples. The action of the oxidant agent at a higher concentration 417 
combined to the mechanical damages of the membranes related to cutting could account for this 418 
result (Dai et al., 2012). Ge et al., (2013) found no differences in firmness of ‘Iceberg’ lettuce 419 
between the single treatments: 4.5 or 9 kJ/m2UV-C and PAA (80 mg/L for 10 min), and the sequential 420 
combinations thereof. However, they reported a slight color change when a dose of 9 kJ/m2 UV-C 421 
was used. In contrast, we found no significant differences in the overall appearance of spinach leaves 422 
(P > 0.05) among treatments, which could be related to the less extent of physical damage inflicted 423 
by cutting during processing (only detached). Similarly, no differences in color or gas headspace 424 
content was found among UV-C-treated (4.54 kJ/m2) and non-treated baby spinach samples at 6 d of 425 
storage at 5 °C in a closed system (Artés-Hernández et al., 2009). 426 
Regarding the effect of the assayed technologies on microbial populations in the process water, the 427 
combination of UV-C with PAA inactivated both pathogens in the process solutions showing no viable 428 
cells (< 5 CFU/mL) after single-use sanitation of either inoculated spinach or ‘Iceberg’ lettuce, while 429 
10 UFC/mL could be detected upon the WUV treatment. This enabled solutions for reutilization, 430 
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improving the efficacy of the decontamination step and lowering the production costs and 431 
sustainability due to water consumption. In according with our results, the decontamination with 0.1 432 
kJ/m2 UV-C of the sanitation water resulting from lamb’s lettuce washing, achieved > 5 log10 (below a 433 
detection limit of 10 CFU/mL) of both L. monocytogenes and S. enterica, when inoculated at 106-107 434 
CFU/mL (Ignat et al., 2015). Similarly, combining 33.6 kJ/m2WUV and 80 mg/L PAA reduced 435 
Salmonella spp. levels under the detection limit after the sanitation of ‘Iceberg’ lettuce improving the 436 
result obtained with the WUV and PAA single treatments (Huang et al., 2018). In a previous work, a 437 
sequential sanitation with cold (4 ºC) or warm (45 ºC) water after pre-treatment with 1.2 kJ/m2 UV-C 438 
significantly improved the efficacy of UV-C for the inactivation of viable MAM cells in the water after 439 
single sanitation of fresh-cut endive (Hägele et al., 2016). The combination of O3 with UV-C have also 440 
improved the efficacy of the UV-treatment alone by up to 3 log10 regarding the reduction of the 441 
mesophilic microbiota populations in the water, after sanitation of fresh-cut escarole and onion for 442 
20 min (Selma et al., 2008). To sum up, even when PAA + UV-C combinations did not enhance the 443 
inactivation of inoculated pathogens in the evaluated food matrices, combined chemical-physical 444 
treatments are still recommendable due their increased effectiveness at decontaminating the 445 
process water, thereby reducing the risks for cross-contamination during processing workflow, as it 446 
has been reported by other authors (Huang et al., 2018; Petri et al., 2015; Singh et al., 2018). 447 
3.3 INTEGRATION OF WUV, PAA AND BIOPRESERVATION 448 
3.3.1 EFFECT OF UV-C + PAA ON NATIVE MICROBIOTA 449 
Pretreatment with UV-C + PAA was expected to reduce initial MAM levels and subsequently inhibit 450 
their growth throughout storage. The subsequent inoculation with the biopreservative bacterium 451 
CPA-7 was hypothesized to synergistically act with the physical-chemical treatment through direct 452 
antagonistic activity and indirect mechanisms involving the activation of the plant’s defense 453 
response, thereby controlling pathogens and MAM’s populations throughout storage (Xu and Du, 454 
2012;  Urban et al., 2016). For example, combining conventional UV-C (6.0 kJ/m2) with super-455 
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atmospheric O2 packaging and electrolyzed water showed enhanced effects at inactivating MAM in 456 
fresh-cut broccoli compared to the single treatments, which was linked to the induced activities of 457 
APX, SOD and the increased total antioxidant capacity after 5 days of storage (Martínez-Hernández et 458 
al., 2013).  459 
Native initial populations of mesophilic microbiota in lettuce and baby spinach leaves were 4.9 ± 0.2 460 
and 6.9 ± 0.4 log10 CFU/g, respectively. Pretreating fresh-cut ‘Iceberg’ lettuce with UV-C in PAA 461 
resulted in a similar reduction of initial populations of MAM to that obtained after PAA sanitation (by 462 
1.3 ± 0.2 log10). Modelling PAA decontamination of ‘Iceberg’ lettuce showed a linear relation 463 
between the PAA concentration (0, 25, 80, 150 and 250 mg/L), the time of exposure and the 464 
reduction of native microbiota (Vandekinderen et al., 2009). However, the reduction levels were 465 
limited (0.4–2.4 log10) probably because native microbiota was already adapted and attached to plant 466 
surfaces even forming biofilms showing an increased resistance towards sanitizers (Vandekinderen et 467 
al., 2009). As observed for lettuce, UV-C in PAA reduced initial MAM populations in baby spinach 468 
leaves with similar efficacy to that of PAA sanitation. However, reductions were less than a half to 469 
those observed for lettuce (by 0.5 ± 0.2 log10), which showed that the efficacy of sanitation methods 470 
is influenced by the initial levels of indigenous microbiota. No inhibition of MAM’s growth was 471 
observed throughout storage for 6 d at 5 °C either in lettuce or spinach samples pretreated with UV-472 
C in PAA, reaching populations of 6.9 ± 0.4 and 7.7 ± 0.3 log10 CFU/g, respectively. In agreement with 473 
our results, Escalona et al., (2010) obtained a slight initial reduction of MAM (by 1.4 log10) in baby 474 
spinach leaves treated with 2.4 kJ/m2 UV-C while no inhibition of growth was observed after 6 d of 475 
refrigerated storage. Similarly, significantly higher UV-C doses (4.54 to 11.35 kJ m−2) have shown to 476 
be effective for reducing mesophilic microorganisms from 0.5 to 1 log10 in spinach leaves whereas no 477 
inhibition was observed throughout storage, compared to chlorine sanitation (Artés-Hernández et al., 478 
2009).  479 
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As shown by the results, upon a breakage of the cold chain of storage, no differences among 480 
treatments regarding the MAM’s final populations were either detected in lettuce or spinach leaves 481 
(7.6 ± 0.3 and 8.8 ± 0.1 log10 CFU/g
, respectively). The dose-dependent UV-C effect on native 482 
microbiota and its synergistic improvement by other chemical and physical factors seems to be 483 
largely linked to the food matrix. UV-C treatments at higher doses than those used in the present 484 
study achieved significant reductions of MAM’s titers in other lettuce varieties, i.e.  by > 1 log10 using 485 
4.06 or 8.14 kJ/m2 in ‘Lollo Rosso’ lettuce and by 0.5-2 log10 using 0.8 to 8.14 kJ/m
2 in ‘Red Oak Leaf’ 486 
lettuce (Allende & Artés, 2003). However, in our case the detrimental effect on quality did not 487 
compensate the putative improvement of microbiological quality which would have putatively 488 
achieved a higher UV-C dose. Thus, perhaps it would be interesting to test the combination of UV-C 489 
with other chemical compounds or physical treatments such as ultrasounds to accomplish this 490 
objective. 491 
3.3.2 EFFECT OF THE SEQUENTIAL TREATMENT WITH WUV + PAA AND THEN CPA-7 ON 492 
THE PATHOGENS’ GROWTH 493 
 Initial populations of CPA-7 in lettuce and spinach were 5.9 ± 0.2 log10 CFU/g and were not 494 
significantly affected by the UV-C + PAA pretreatment. At the end of storage, they reached 6.2 CFU/g 495 
at 5 °C and 6.8 log10 CFU/g upon a cold-chain breakage in both matrices, regardless of the 496 
pretreatment with UV-C in PAA. Inoculated populations of L. monocytogenes were 3.9 ± 0.1 and 4.1 ± 497 
0.1 log10 CFU/g in ‘Iceberg’ lettuce and spinach, respectively. Initial populations of S. enterica were 498 
4.1 ± 0.1 log10 CFU/g in both matrices. Results showed that L. monocytogenes’ growth was inhibited 499 
by 0.5 ± 0.2 and 0.9 ± 0.2 log10 in respect of the 40 mg/L PAA-pretreated control after 2 d and 6 d of 500 
MAP storage at 5 °C, in samples treated with WUV + PAA + CPA-7 (Fig. 5 A). At day 6 of storage, L. 501 
monocytogenes’ populations were also reduced by 0.7 ± 0.2 log10 in samples treated either with UV-C 502 
in PAA. In a previous experiment, CPA-7 inhibited L. monocytogenes’ growth in ‘Romaine’ lettuce by 503 
1.5 log10 compared to the untreated control after 6 d at 10 °C in MAP (Oliveira et al., 2015). Although 504 
the UV-C + PAA and the WUV + PAA + CPA-7 treatments inhibited L. monocytogenes’ growth in 505 
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respect of the PAA treatment, the inhibitory effect of CPA7 was not significantly different from that 506 
obtained using the double combination, which could have been due to the interference of the native 507 
microbiota of the vegetable. In this sense, the incidence and severity of blue and gray molds in pear 508 
fruits, caused by Penicillium expansum and Botrytis cinerea, respectively, was reduced throughout 509 
storage at 20 °C for 15 d upon dip-inoculation with the antagonistic yeast Candida guilliermondii (5 x 510 
107 CFU/mL) after 5 kJ/m2 (15 min) UV-C pretreatment, but before inoculation with the pathogens 511 
and the antagonist, fruit surfaces had been disinfected with 2 % (v/v) sodium hypochlorite for 2 min 512 
(Xu and Du, 2012). Similarly, the integrated application of 4 kJ/m2 UV- C and the antagonistic yeast 513 
Candida tropicalis increased the resistance of pineapple to the phytopathogenic fungus Chalara 514 
paradoxa and preserved the firmness of the fruit (Ou et al., 2016). Again, fruit have been disinfected 515 
with 2 % (v/v) sodium hypochlorite before wound inoculation. However, the increased resistance to 516 
pathogens of fruit treated with UV and biocontrol agents has been previously correlated with lower 517 
activities of cell-wall degrading enzymes (pectin methylesterase, polygalacturonase, and cellulase) 518 
and enhancement of both non-enzymatic (total phenolic content via PAL activation) and enzymatic 519 
antioxidant mechanisms (catalase, superoxide dismutase and peroxidase) as well as with the increase 520 
of PR protein activities (β-1,3-glucanase and CHT) (El Ghaouth et al., 2003; Ou et al., 2016; Pombo et 521 
al., 2011). We have previously observed that CPA-7 induced the activities of defense-related enzymes 522 
in fresh-cut ‘Golden’ apple (Collazo et al., 2018a). However, its effect on green leaves remains to be 523 
investigated. In general, there is a lack of information about green leaves’ response to plant or 524 
human pathogens and this is a matter worthy to be studied. Pretreatment with UV-C in PAA did not 525 
show a significant inhibitory effect on L. monocytogenes’s growth in ‘Iceberg’ lettuce upon a cold-526 
chain breakage. In such conditions, CPA-7’s antagonistic activity against L. monocytogenes was 527 
inconsistent among independent repetitions of the experiment and therefore, it was not statistically 528 
significant.  529 
 530 
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 531 
Figure 5. Logarithmic reductions (log10 (N1/N0)) of (A)  L. monocytogenes’ and (B) S. enterica’s populations in ‘Iceberg’ 532 
lettuce-treated samples (N1) using the combination of 0.1 kJ m
-2 UV-C + 40 mg L-1 PAA  ( ), sequential treatment with 533 
40 mg L-1 PAA and then CPA-7 ( ) or sequential treatement with 0.1 kJ m-2 UV-C  + 40 mg L-1 PAA  and then CPA-7 (534 
) in respect of microbial populations in the 40 mg L-1 PAA-washed control (N0). Columns represent means and and 535 
error bars represent standard deviations (n=6). Different letters represent significant differences according to 536 
analysis of variances (ANOVA) and Tukey’s test (p < 0.05). 537 
Regarding the effect on S. enterica, a slight inhibition (by 0.5 ± 0.3 log10) compared to the PAA-538 
pretreated control was observed at day 6 of storage at 5 °C, in lettuce samples pretreated with UV-C 539 
in PAA but no inhibitory effect was observed in CPA-7-treated samples (Fig. 5 B). This agreed with the 540 
lack of inhibition shown by CPA-7 against a six-strains cocktail of Salmonella spp. in a previous 541 
experiments performed in ‘Romaine’ lettuce for 6 d at 10 °C in MAP (Oliveira et al., 2015). In contrast 542 
to that observed for L. monocytogenes, at day 6 of storage upon a cold-chain breakage, CPA-7 was 543 
able to reduce S. enterica populations by 0.9 ± 0.1 log10 in respect of the control samples pre-treated 544 
with 40 mg/L PAA. This result suggested that the use of the antagonist would contribute to maintain 545 
the safety of this product in case of that event. 546 
In baby spinach leaves, no differences among the double (0.3 kJ/m2UV-C + 40 mg/L PAA) and triple 547 
combination (UV-C + PAA + CPA-7) were observed before 6th day of refrigerated storage. At that day, 548 
samples pre-treated with UV-C in PAA showed a slight inhibition of L. monocytogenes’ growth in 549 
respect of the PAA-pretreated control. At the same time of analysis, the sequential application of 550 
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PAA + WUV and then inoculation with CPA-7 inhibited L. monocytogenes’ growth by 0.4 ± 0.1 log10 in 551 
respect of the non-inoculated PAA-pretreated control (Fig. 6 A). No significant differences in L. 552 
monocytogenes’ growth were observed upon a cold-chain breakage whether the biopreservative 553 
agent was present or not. Similarly, any of the evaluated treatments controlled S. enterica’s growth 554 
after 6 d of storage at 5 °C (Fig. 6 B). However, S. enterica’s growth was inhibited upon a breakage of 555 
the cold chain of storage in UV-C + PAA-pretreated spinach samples compared to the PAA-pretreated 556 
control, regardless of the presence of the antagonist. This contrasted with the significant growth of L. 557 
monocytogenes (up to 2 log10 CFU/g) in this food matrix. As observed for lettuce, no synergistic effect 558 
of the integration of UV-C, PAA and CPA-7 was observed in spinach leaves throughout storage at 5 °C 559 
or upon a breakage of the cold-chain of storage compared to the CPA-7 + PAA and the UV-C + PAA 560 
double combinations.  561 
 562 
Figure 6. Logarithmic reductions (log10 (N1/N0)) of (A)  L. monocytogenes’ and (B) S. enterica’s populations in baby 563 
spinach leaves samples treated (N1) using the combination of 0.3 kJm
-2 UV-C + 40 mg L-1 PAA  ( ), sequential 564 
treatment with 40 mg L-1 PAA and then CPA-7 ( ) or ssequential treatment with 0.3 kJ m-2 UV-C + 40 mg L-1 PAA and 565 
then CPA-7 ( ) (N1)  in respect of the populations in the 40 mg L
-1 PAA-washed control (N0). Columns represent 566 
means and and error bars represent standard deviations (n=6). Different letters represent significant differences 567 
according to analysis of variances (ANOVA) and Tukey’s test (p < 0.05).  568 
 569 
 570 
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3.3.3 EFFECT ON OVERALL APPEARANCE AND RESPIRATION 571 
Pretreatment with PAA and UV-C and subsequent inoculation with CPA-7 showed no significant 572 
differences among treatments in the O2/CO2 contents of the packages headspace at the end of 573 
refrigerated storage in any of the analyzed matrices. Final gases contents in the bags containing baby 574 
spinach leaves were 19.8 kPa O2/11.1 kPa CO2, regardless of breakage of the cold-chain. In ‘Iceberg’ 575 
lettuce, the O2 content of packages at the end of storage was 19.5 kPa, regardless of the storage 576 
conditions. However, the CO2 content was lower at the end of storage at 5 °C (11.0 kPa) than upon a 577 
breakage of the cold-chain (16.9 kPa), probably due to increased respiration rate and enzymatic 578 
activity in the vegetables. The overall quality of inoculated samples from both matrices was 579 
unacceptable at the end of storage but that was expected because of the high initial microbial 580 
populations that were inoculated in order to obtain detectable levels after decontamination using 581 
the viable count method. 582 
2. CONCLUSIONS 583 
WUV at doses ranging from 0.1 to 0.3 kJ/m2 achieved effective inactivation and growth inhibition of 584 
both S. enterica and L. monocytogenes in fresh-cut ‘Iceberg’ lettuce and baby spinach leaves. The 585 
combined treatment of UV-C at such doses and 40 mg/L PAA showed no synergistic reduction of the 586 
pathogens’ populations in respect of the individual control treatments in the evaluated food matrices 587 
but it is still recommendable since it improved the efficacy of the single treatments at inactivating 588 
both pathogens in the process solutions. Sequential treatment with UV-C + PAA and CPA-7 inhibited 589 
L. monocytogenes’ growth in ‘Iceberg’ lettuce after 6 d of refrigerated storage in respect of the PAA-590 
pretreated control but it did not show a synergistic improvement in respect of the PAA + UV-C 591 
treatment. In samples pretreated with PAA, CPA-7 inhibited the growth of S. enterica in ‘Iceberg’ 592 
lettuce upon a cold-chain breakage. The potential usefulness of the bacteriostatic activity of this 593 
biocontrol agent for reducing the risks of cross-contamination throughout refrigerated storage and 594 
upon an eventual breakage of these conditions is promising, but further study is needed to improve 595 
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the conditions for a more stable performance in green leaves, focusing on the prior reduction of 596 
indigenous microbiota. Low-dose UV-C combined with PAA could be a suitable preservation strategy 597 
for improving the safety of ready-to-eat leafy greens. 598 
ACKNOWLEDGEMENTS 599 
This work has been supported the CERCA Programme/Generalitat de Catalunya, the Secretaria 600 
d’Universitats i Recerca del Departament d’Economia i Coneixement de la Generalitat de Catalunya 601 
and the European Social Fund (grant FI-DGR-2015-0004); and by the Spanish Ministry of Economy, 602 
Industry, and Competitiveness (National Project of the Spanish Foundation for Science and 603 
Technology: FECYT CC/2013105 (2013-16) and grant: RYC-2016-19949). Thanks are given to Marina 604 
Anguera for her technical assistance.  605 
 606 
3. REFERENCES 607 
Abadias, M., Altisent, R., Usall, J., Torres, R., Oliveira, M., Viñas, I., 2014. Biopreservation of fresh-cut 608 
melon using the strain Pseudomonas graminis CPA-7. Postharvest Biology and Technology 96, 609 
69–77. https://doi.org/https://doi.org/10.1016/j.postharvbio.2014.05.010 610 
Alegre, I., Viñas, I., Usall, J., Anguera, M., Altisent, R., Abadias, M., 2013a. Antagonistic effect of 611 
Pseudomonas graminis CPA-7 against foodborne pathogens in fresh-cut apples under simulated 612 
commercial conditions. Food microbiology 33, 139–148. 613 
https://doi.org/https://doi.org/10.1016/j.fm.2012.09.007 614 
Alegre, I., Viñas, I., Usall, J., Teixido, N., Figge, M.J., Abadias, M., 2013b. Control of foodborne 615 
pathogens on fresh-cut fruit by a novel strain of Pseudomonas graminis. Food microbiology 34, 616 
390–399. https://doi.org/https://doi.org/10.1016/j.fm.2013.01.013 617 
26 
 
Allende, A., Artes, F., 2003. UV-C radiation as a novel technique for keeping quality of fresh 618 
processed ‘ Lollo Rosso ’ lettuce. Food Research International 36, 739–746. 619 
https://doi.org/10.1016/S0963-9969(03)00054-1 620 
Allende, A., McEvoy, J.L., Luo, Y., Artes, F., Wang, C.Y., 2006. Effectiveness of two-sided UV-C 621 
treatments in inhibiting natural microflora and extending the shelf-life of minimally processed 622 
“Red Oak Leaf” lettuce. Food Microbiology 23, 241–249. 623 
https://doi.org/10.1016/j.fm.2005.04.009 624 
Alvaro, J.E., Moreno, S., Dianez, F., Santos, M., Carrasco, G., Urrestarazu, M., 2009. Effects of 625 
peracetic acid disinfectant on the postharvest of some fresh vegetables. Journal of Food 626 
Engineering 95, 11–15. https://doi.org/10.1016/j.jfoodeng.2009.05.003 627 
Artés-Hernández, F., Escalona, V.H., Robles, P.A., Martínez-Hernández, G.B., Artés, F., 2009. Effect of 628 
UV-C radiation on quality of minimally processed spinach leaves. Journal of the Science of Food 629 
and Agriculture 89, 414–421. https://doi.org/10.1002/jsfa.3460 630 
Artés, F., Allende, A., 2014. Minimal Processing of Fresh Fruit, Vegetables, and Juices, in: Emerging 631 
Technologies for Food Processing. CRC Press, Boca Raton, FL, pp. 583–597. 632 
https://doi.org/10.1016/B978-0-12-411479-1.00031-0 633 
Barak, J.D., Gorski, L., Naraghi-arani, P., Charkowski, A.O., 2005. Salmonella enterica Virulence Genes 634 
Are Required for Bacterial Attachment to Plant Tissue. Appl. Environ. Microbiol. 71, 5685–5691. 635 
https://doi.org/10.1128/AEM.71.10.5685 636 
Bintsis, T., Litopoulou-Tzanetaki, E., Robinson, R.K., 2000. Existing and potential applications of 637 
ultraviolet light in the food industry - A critical review. Journal of the Science of Food and 638 
Agriculture 80, 637–645. https://doi.org/10.1002/(SICI)1097-0010(20000501)80:6<637::AID-639 
JSFA603>3.0.CO;2-1 640 
Brandl, M.T., 2006. Fitness of Human Enteric Pathogens on Plants and Implications for Food. Annual 641 
Review of Phytopathology 44, 367–392. 642 
27 
 
https://doi.org/10.1146/annurev.phyto.44.070505.143359 643 
Brandl, M.T., Cox, C.E., Teplitski, M., 2013. Salmonella interactions with plants and their associated 644 
microbiota. Phytopathology 103, 316–25. https://doi.org/10.1094/PHYTO-11-12-0295-RVW 645 
Callejón, R., Rodríguez-Naranjo, M., Ubeda, C., Hornedo-Ortega, R., Garcia-Parrilla, M., Troncoso, A., 646 
2015. Reported foodborne outbreaks due to fresh produce in the United States and European 647 
Union: trends and causes. Foodborne Pathogens and Disease 12, 32–38. 648 
https://doi.org/https://doi.org/10.1089/fpd.2014.1821 649 
Cantos, E., Espín, J.C., Tomás-Barberán, F.A., 2001. Effect of wounding on phenolic enzymes in six 650 
minimally processed lettuce cultivars upon storage. Journal of Agricultural and Food Chemistry 651 
49, 322–330. https://doi.org/10.1021/jf000644q 652 
Charles, F., Vidal, V., Olive, F., Filgueiras, H., Sallanon, H., 2013. Pulsed light treatment as new 653 
method to maintain physical and nutritional quality of fresh-cut mangoes. Innovative Food 654 
Science and Emerging Technologies 18, 190–195. https://doi.org/10.1016/j.ifset.2013.02.004 655 
Collazo, C., Abadias, M., Aguiló-Aguayo, I., Alegre, I., Chenoll, E., Viñas, I., 2017a. Studies on the 656 
biocontrol mechanisms of Pseudomonas graminis strain CPA-7 against food-borne pathogens in 657 
vitro and on fresh-cut melon. LWT - Food Science and Technology 85, 301–308. 658 
https://doi.org/10.1016/j.lwt.2017.02.029 659 
Collazo, C., Abadías, M., Colás-Medà, P., Iglesias, M.B., Granado-Serrano, A.B., Serrano, J., Viñas, I., 660 
2017b. Effect of Pseudomonas graminis strain CPA-7 on the ability of Listeria monocytogenes 661 
and Salmonella enterica subsp. enterica to colonize Caco-2 cells after pre-incubation on fresh-662 
cut pear. International Journal of Food Microbiology 262, 55–62. 663 
https://doi.org/10.1016/j.ijfoodmicro.2017.09.003 664 
Collazo, C., Giné-Bordonaba, J., Aguiló-Aguayo, I., Povedano, I., Bademunt, A., Viñas, I., 2018a. 665 
Pseudomonas graminis strain CPA-7 differentially modulates the oxidative response in fresh-cut 666 
‘Golden delicious’ apple depending on the storage conditions. Postharvest Biology and 667 
28 
 
Technology 138, 46–55. https://doi.org/10.1016/j.postharvbio.2017.12.013 668 
Collazo, C., Lafarga, T., Aguiló-aguayo, I., Marín-sáez, J., Abadias, M., Viñas, I., 2018b. 669 
Decontamination of fresh-cut broccoli with a water – assisted UV-C technology and its 670 
combination with peroxyacetic acid. Food Control 93, 92–100. 671 
https://doi.org/10.1016/j.foodcont.2018.05.046 672 
Dai, X., Luo, H., Jiang, L., Ling, L., Xue, Y., Yu, Z., 2012. Efficacy of Different Sanitizing Agents and Their 673 
Combination on Microbe Population and Quality of Fresh-cut Chinese Chives. Journal of Food 674 
Science 77, 348–353. https://doi.org/10.1111/j.1750-3841.2012.02770.x 675 
EC-European Comission for Health and Consummer Protection, 2005. Regulation (EU) No 396/2005 676 
on maximum residue levels of pesticides in or on food and feed of plant and animal origin, and 677 
amending Council Directive 91/414/EEC. Official Journal of the European Union L70, 28–39. 678 
EFSA, 2017. The European Union summary report on trends and sources of zoonoses, zoonotic 679 
agents and food‐borne outbreaks in 2016. EFSA Journal 15. 680 
https://doi.org/10.2903/j.efsa.2017.5077 681 
El Ghaouth, A., Wilson, C.L., Callahan, A.M., 2003. Induction of Chitinase, β-1,3-Glucanase, and 682 
Phenylalanine Ammonia Lyase in Peach Fruit by UV-C Treatment. Phytopathology 93, 349–355. 683 
https://doi.org/10.1094/PHYTO.2003.93.3.349 684 
Escalona, V.H., Aguayo, E., Martínez-Hernández, G.B., Artés, F., 2010. UV-C doses to reduce pathogen 685 
and spoilage bacterial growth in vitro and in baby spinach. Postharvest Biology and Technology 686 
56, 223–231. https://doi.org/10.1016/j.postharvbio.2010.01.008 687 
Fan, X., Huang, R., Chen, H., 2017. Application of ultraviolet C technology for surface 688 
decontamination of fresh produce. Trends in Food Science and Technology 70, 9–19. 689 
https://doi.org/10.1016/j.tifs.2017.10.004 690 
Fine, F., Gervais, P., 2004. Efficiency of Pulsed UV Light for Microbial Decontamination of Food 691 
Powders. Journal of Food Protection 67, 787–792. https://doi.org/10.4315/0362-028X-67.4.787 692 
29 
 
Franco, B.D.G.M., Destro, M.T., 2007. Minimally Processed Vegetable Salads : Microbial Quality 693 
Evaluation. Journal of Food Protection 70, 1277–1280. 694 
Gayán, E., Condón, S., Álvarez, I., 2014. Biological aspects in food preservation by ultraviolet light: a 695 
review. Food and Bioprocess Technology 7, 1–20. https://doi.org/10.1007/s11947-013-1168-7 696 
Ge, C., Bohrerova, Z., Lee, J., 2013. Inactivation of internalized Salmonella Typhimurium in lettuce 697 
and green onion using ultraviolet C irradiation and chemical sanitizers. Journal of Applied 698 
Microbiology 114, 1415–1424. https://doi.org/10.1111/jam.12154 699 
Gorny, J.R., Giclas, H., Gombas, D., Means, K., 2006. Commodity Specific Food Safety Guidelines for 700 
the Lettuce and Leafy Greens Supply Chain [WWW Document]. URL 701 
http://www.fda.gov/downloads/Food/GuidanceRegulation/UCM169008.pdf (accessed 1.6.18). 702 
Guo, S., Huang, R., Chen, H., 2017. Application of water-assisted ultraviolet light in combination of 703 
chlorine and hydrogen peroxide to inactivate Salmonella on fresh produce. International 704 
Journal of Food Microbiology 257, 101–109. https://doi.org/10.1016/j.ijfoodmicro.2017.06.017 705 
Hadjok, C., Mittal, G.S., Warriner, K., 2008. Inactivation of human pathogens and spoilage bacteria on 706 
the surface and internalized within fresh produce by using a combination of ultraviolet light and 707 
hydrogen peroxide. Journal of Applied Microbiology 104, 1014–1024. 708 
https://doi.org/10.1111/j.1365-2672.2007.03624.x 709 
Hägele, F., Nübling, S., Schweiggert, R.M., Baur, S., Weiss, A., Schmidt, H., Menegat, A., Gerhards, R., 710 
Carle, R., 2016. Quality improvement of fresh-Cut endive (Cichorium endivia L.) and recycling of 711 
washing water by low-dose UV-C irradiation. Food and Bioprocess Technology 9, 1979–1990. 712 
https://doi.org/10.1007/s11947-016-1782-2 713 
Hua, G., Reckhow, D.A., 2007. Comparison of disinfection byproduct formation from chlorine and 714 
alternative disinfectants. Water Research 41, 1667–1678. 715 
https://doi.org/10.1016/j.watres.2007.01.032 716 
Huang, R., de Vries, D., Chen, H., 2018. Strategies to enhance fresh produce decontamination using 717 
30 
 
combined treatments of ultraviolet, washing and disinfectants. International Journal of Food 718 
Microbiology 283, 37–44. https://doi.org/10.1016/j.ijfoodmicro.2018.06.014 719 
Huang, Y., Chen, H., 2014. A novel water-assisted pulsed light processing for decontamination of 720 
blueberries. Food Microbiology 40, 1–8. https://doi.org/10.1016/j.fm.2013.11.017 721 
Huang, Y., Sido, R., Huang, R., Chen, H., 2015. Application of water-assisted pulsed light treatment to 722 
decontaminate raspberries and blueberries from Salmonella. International Journal of Food 723 
Microbiology 208, 43–50. https://doi.org/10.1016/j.ijfoodmicro.2015.05.016 724 
Iglesias, M., 2017. Bioconservación de pera mínimamente procesada mediante el uso de 725 
Pseudomonas graminis CPA-7 y Lactobacillus rhamnosus GG y su efecto en la calidad de la fruta 726 
y en la modificación del potencial patogénico de Listeria monocytogenes María Belén Iglesias 727 
Val [WWW Document]. 728 
Iglesias, M.B., Abadias, M., Anguera, M., Viñas, I., 2018. Efficacy of Pseudomonas graminis CPA-7 729 
against Salmonella spp. and Listeria monocytogenes on fresh-cut pear and setting up of the 730 
conditions for its commercial application. Food Microbiology 70, 103–112. 731 
https://doi.org/10.1016/j.fm.2017.09.010 732 
Ignat, A., Manzocco, L., Bartolomeoli, I., Maifreni, M., Nicoli, M.C., 2015. Minimization of water 733 
consumption in fresh-cut salad washing by UV-C light. Food Control 50, 491–496. 734 
https://doi.org/10.1016/j.foodcont.2014.09.036 735 
Koivunen, J., Heinonen-Tanski, H., 2005. Inactivation of enteric microorganisms with chemical 736 
disinfectants, UV irradiation and combined chemical/UV treatments. Water Research 39, 1519–737 
1526. https://doi.org/10.1016/j.watres.2005.01.021 738 
Kovács, E., Keresztes, 2002. Effect of gamma and UV-B/C radiation on plant cells. Micron 33, 199–739 
210. https://doi.org/10.1016/S0968-4328(01)00012-9 740 
Kroupitski, Y., Golberg, D., Belausov, E., Pinto, R., Swartzberg, D., Granot, D., Sela, S., 2009. 741 
Internalization of Salmonella enterica in leaves is induced by light and involves chemotaxis and 742 
31 
 
penetration through open stomata. Applied and Environmental Microbiology 75, 6076–6086. 743 
https://doi.org/10.1128/AEM.01084-09 744 
Liu, C., Huang, Y., Chen, H., 2015. Inactivation of Escherichia coli O157: H7 and Salmonella enterica on 745 
blueberries in water using ultraviolet light. Journal of Food Science 80, M1532–M1537. 746 
https://doi.org/10.1111/1750-3841.12910 747 
Manzocco, L., Da Pieve, S., Maifreni, M., 2011. Impact of UV-C light on safety and quality of fresh-cut 748 
melon. Innovative Food Science and Emerging Technologies 12, 13–17. 749 
https://doi.org/10.1016/j.ifset.2010.11.006 750 
Martínez-Hernández, G.B., Artés-Hernández, F., Gómez, P.A., Formica, A.C., Artés, F., 2013. 751 
Combination of electrolysed water, UV-C and superatmospheric O2 packaging for improving 752 
fresh-cut broccoli quality. Postharvest Biology and Technology 76, 125–134. 753 
https://doi.org/10.1016/j.postharvbio.2012.09.013 754 
Martínez-Hernández, G.B., Navarro-Rico, J., Gómez, P.A., Otón, M., Artés, F., Artés-Hernández, F., 755 
2015. Combined sustainable sanitising treatments to reduce Escherichia coli and Salmonella 756 
enteritidis growth on fresh-cut kailan-hybrid broccoli. Food Control 47, 312–317. 757 
https://doi.org/10.1016/j.foodcont.2014.07.029 758 
Oliveira, M., Abadias, M., Colás-Medà, P., Usall, J., Viñas, I., 2015. Biopreservative methods to control 759 
the growth of foodborne pathogens on fresh-cut lettuce. International Journal of Food 760 
Microbiology 214, 4–11. https://doi.org/10.1016/j.ijfoodmicro.2015.07.015 761 
Ou, C., Liu, Y., Wang, W., Dong, D., 2016. Integration of UV-C with antagonistic yeast treatment for 762 
controlling post-harvest disease and maintaining fruit quality of Ananas comosus. BioControl 763 
61, 591–603. https://doi.org/10.1007/s10526-016-9740-5 764 
Park, J.B., Kang, J.H., Song, K. Bin, 2018. Combined treatment of cinnamon bark oil emulsion washing 765 
and ultraviolet-C irradiation improves microbial safety of fresh-cut red chard. Lwt 93, 109–115. 766 
https://doi.org/10.1016/j.lwt.2018.03.035 767 
32 
 
Petri, E., Rodríguez, M., García, S., 2015. Evaluation of combined disinfection methods for reducing 768 
Escherichia coli O157:H7 population on fresh-cut vegetables. International Journal of 769 
Environmental Research and Public Health 12, 8678–8690. 770 
https://doi.org/10.3390/ijerph120808678 771 
Pombo, M.A., Rosli, H.G., Martínez, G.A., Civello, P.M., 2011. UV-C treatment affects the expression 772 
and activity of defense genes in strawberry fruit (Fragaria×ananassa, Duch.). Postharvest 773 
Biology and Technology 59, 94–102. https://doi.org/10.1016/j.postharvbio.2010.08.003 774 
Sagoo, S.., Little, C.L., WArd, L., Gillespie, I.A., Mitchell, R.T., 2003. Microbiological Study of Ready-to-775 
Eat Salad Vegetables from Retail Establishments Uncovers a National Outbreak of Salmonellosis. 776 
Journal of Food Protection 66, 403–409. 777 
Sagoo, S.K., Little, C.L., Mitchell, R.T., 2003. Microbiological Quality of Open Ready-to-Eat Salad 778 
Vegetables: Effectiveness of Food Hygiene Training of Management. Journal of Food Protection 779 
66, 1581–1586. 780 
Scott, G., Rupar, M., Fletcher, A.G.D., Dickinson, M., Shama, G., 2017. A comparison of low intensity 781 
UV-C and high intensity pulsed polychromatic sources as elicitors of hormesis in tomato fruit. 782 
Postharvest Biology and Technology 125, 52–58. 783 
https://doi.org/10.1016/j.postharvbio.2016.10.012 784 
Selma, M. V., Allende, A., López-Gálvez, F., Conesa, M.A., Gil, M.I., 2008. Disinfection potential of 785 
ozone, ultraviolet-C and their combination in wash water for the fresh-cut vegetable industry. 786 
Food Microbiology 25, 809–814. https://doi.org/10.1016/j.fm.2008.04.005 787 
Shama, G., 2007. Process challenges in applying low doses of ultraviolet light to fresh produce for 788 
eliciting beneficial hormetic responses. Postharvest Biology and Technology 44, 1–8. 789 
https://doi.org/10.1016/j.postharvbio.2006.11.004 790 
Singh, P., Hung, Y.C., Qi, H., 2018. Efficacy of Peracetic Acid in Inactivating Foodborne Pathogens on 791 
Fresh Produce Surface. Journal of Food Science 83, 432–439. https://doi.org/10.1111/1750-792 
33 
 
3841.14028 793 
Takeuchi, K., Frank, J.F., 2001. Quantitative Determination of the Role of Lettuce Leaf Structures in 794 
Protecting Escherichia coli O157:H7 from Chlorine Disinfection. Journal of Food Protection 64, 795 
147–151. https://doi.org/10.4315/0362-028X-64.2.147 796 
Takeuchi, K., Matute, C.M., Hassan, A.N., Frank, J.F., 2000. Comparison of the Attachment of 797 
Escherichia coli O157 : H7 , Listeria monocytogenes , Salmonella Typhimurium , and 798 
Pseudomonas fluorescens to Lettuce Leaves. Journal of Food Protection 63, 1433–1437. 799 
Torres, A.G., Jeter, C., Langley, W., Matthysse, A.G., 2005. Differential Binding of Escherichia coli 800 
O157 : H7 to Alfalfa , Human Epithelial Cells , and Plastic Is Mediated by a Variety of Surface 801 
Structures. Applied and Environmental Microbiology 71, 8008–8015. 802 
https://doi.org/10.1128/AEM.71.12.8008 803 
Vandekinderen, I., Devlieghere, F., De Meulenaer, B., Ragaert, P., Van Camp, J., 2009. Optimization 804 
and evaluation of a decontamination step with peroxyacetic acid for fresh-cut produce. Food 805 
Microbiology 26, 882–888. https://doi.org/10.1016/j.fm.2009.06.004 806 
Xicohtencatl-Cortes, J., Sánchez Chacón, E., Saldaña, Z., Freer, E., Girón, J. a, 2009. Interaction of 807 
Escherichia coli O157:H7 with leafy green produce. Journal of food protection 72, 1531–1537. 808 
Xu, L., Du, Y., 2012. Effects of yeast antagonist in combination with UV-C treatment on postharvest 809 
diseases of pear fruit. BioControl 57, 451–461. https://doi.org/10.1007/s10526-011-9400-8 810 
Yun, J., Yan, R., Fan, X., Gurtler, J., Phillips, J., 2013. Fate of E. coli O157:H7, Salmonella spp. and 811 
potential surrogate bacteria on apricot fruit, following exposure to UV-C light. International 812 
Journal of Food Microbiology 166, 356–363. https://doi.org/10.1016/j.ijfoodmicro.2013.07.021 813 
 814 
